in the Supplementary Material available for involvement in the speciation process. However, with this article online). evidence for the role of individual genes in the mechaWe next examined the mating rhythms of two strains nism of mate choice has proved elusive. We have used of D. melanogaster, Canton-S and 17m, and two lines, transgenic flies carrying the natural per genes from AY and PA, for D. pseudoobscura (see the Experimental these two Drosophila species to reveal that per has Procedures). Preliminary ANOVAs did not reveal any the potential to provide the permissive conditions for within-species heterogeneity, so we pooled the data speciation, by affecting mate choice through a mechawithin species. The mating activity of both species in nism involving the species-specific timing of mating DD also reveals an underlying rhythmicity that correlates behavior [6].
dian locomotor and mating activity. However, if these transgenes also change mating preferences, e.g., favoring like mating with like (assortative mating), they would have particularly important implications for speciation. Figure 3A shows the results of assortative mating experiments with the same melanogaster and pseudobscura per transformants from the mating rhythm experiment and reveals that flies prefer to mate with individuals that carry the homospecific per transgene. The level of assortative mating, as given by the 2 isolation index, was always highly significant, but it was maximal at subjective dusk (CT12) when the ratio of homo-to heterogamic matings was ‫.1:5ف‬ At other times, this ratio was greater than 2:1 ( Figure 3A) . We also examined the assortative mating of two unrelated strains of D. melanogaster transformants carrying the same mel per ϩ transgene. Like the experimental groups, the two control lines also carried the different eye markers used to determine the identity of mating pairs (see the Experimental Procedures). The ratio of homo-to heterogamic matings was smaller than in the control groups and was less than 1.5:1, even at CT12. Comparing the isolation indices, variances, and ratios of homo-to heterogamic mating from Figure 3A , the level of assortative mating from the experiments in which transformants carrying different species per transgenes were examined exceeds that observed between the control group, particularly at CT12. Figure 3B shows the same data broken up into the proportions of the four different types of male/female pairings, further reflecting the small proportion of heterogamic matings in the experimental group at CT12 compared to other circadian times. In addition, the striking increases in the proportion of total matings involving mel and mps1 individuals at CT12 and CT18, respectively, reflected their corresponding peaks in their mating rhythm (see Figure 2) . Thus, flies that carry the same per genotype mate assortatively, particularly at subjective dusk when the melanogaster transformants' mating rhythm is at a peak and that of the pseudoobscura mps1 transformants is at the trough (see Figure 2 ). This as-D. melanogaster and D. pseudoobscura coexist in sympatry, and although heterospecific matings have not sortative mating may simply reflect the fact that the two strains mate at different times. However, when the been reported, and indeed are unlikely to occur, it has been noted that, within their shared natural environment, mating phases are reversed at CT18, i.e., the pseudoobscura transformants are at their mating peak but the the latter species shows a peak of mating behavior just before darkness, whereas D. melanogaster mating bemel transformants are in their trough, although there is significant assortative mating, it is not at the high levels havior is more frequent in the hours before dusk [10]. Thus, our mating rhythm data experimentally confirm seen at CT12. Furthermore, the mating of the mel transformants is also at quite high levels at CT0 (Figure 2 , these field observations. Locomotor activity is also expected to affect mating; for example, males are more top right panel), but assortative mating is, again, much less pronounced than at CT12. Thus, even taking mating attracted to moving females [11]. However, even though species-specific cycles of mating activity initially aprhythms into account, an enhanced assortative mating may occur at subjective dusk, many hours after the peared to correlate nicely with those of locomotor activity, the sexual rhythm is not in phase with the locomotor locomotor peak of mel transformants (Figure 1) , and, given the limitations of the sampling times, may occur rhythm and lags by several hours in both D. melanogaster and D. pseudoobscura and their corresponding 2-3 hr after the maxima in locomotor activity cycles of the homozygous mps1 pseudoobscura transformants transformants (Figures 1 and 2 ). This would suggest that periods of high locomotor activity are associated more (see Figure 1E ).
We should add that it was quite clear from simple closely with other functions, such as foraging, rather than mating. Thus, the initial hypothesis that drove this observations of these mating rhythm experiments that the males appeared to court indiscriminately and were study, namely, that periods of active locomotor behavior might be causally related to enhanced mating behavior, equally sexually active at all circadian times. Thus, the females appear to exert control over mating at different was not supported. [18] . In the present study, we propose a simpler mechanism by which per may act as a putative speciation gene merely by shifting the daily timing of mating behavior. To our knowledge, per is the first identified single gene in Drosophila that alters assortative mating. This might occur by per conveying speciesspecific phase differences in sensitivity rhythms within sensory pathways, such as olfaction. Indeed, such cycles have been documented from chemosensory cells in the antennae, which generate circadian physiological rhythms in response to odorants [19] . Thus, a genetic analysis of per-mediated assortative mating with olfactory variants may provide an initial dissection of the neural mechanisms that generate assortative mating in this genus.
As reviewed recently, there are no strong candidates for female preference genes [20] . Segments of chromosomes have been identified in the D. melanogaster Zimbabwe population, and these chromosomes may be responsible for the strong isolation of this race from the 
